Two new iridoids, 10-O-benzoylglobularigenin (1) and dumuloside (2) were isolated from the aerial parts of Globularia dumulosa together with seven known iridoid glucosides, davisioside (3), aucubin (4), melampyroside (5), catalpol (6), 10-O-benzoylcatalpol (7), alpinoside (8) and deacetylalpinoside (9). Three phenylethanoid glycosides, verbascoside, decaffeoylverbascoside, leucosceptoside A and three flavone glucosides, pectolinarigenin 7-O--dglucopyranoside, nepetin 7-O--d-glucopyranoside, demethoxycentaureidin 7-O--d-glucopyranoside were also isolated and characterized. The structure elucidation of the isolated compounds was performed by spectroscopic (UV, IR, HR-MALDIMS, 1D-and 2D NMR) methods.
Introduction
In the flora of Turkey, the genus Globularia (Globulariaceae) is represented by nine species (Edmondson, 1982; Duman, 2001) . In Anatolian folk medicine, G. alypum is used as diuretic, laxative, carminative and tonic (Baytop, 1984) , whereas G. trichosantha is utilized for the treatment of hemorrhoids (Sezik et al., 1991) . Our previous studies have resulted in the isolation of phenylethanoid and iridoid glycosides from G. trichosantha (Calis et al., 1999 ) and G. davisiana (Calis et al., 2002a) and sugar esters along with iridoid and phenylethanoid glycosides from G. orientalis (Calis et al., 2002b) . In the course of an investigation of Globularia species growing in Turkey, we have now investigated an endemic species, G. dumulosa O. Schwarz. In this paper we report the isolation and structure elucidation of two new iridoids, 10-O-benzoylglobularigenin (1) and dumuloside (2) obtained from the aerial parts of G. dumulosa.
Material and Methods

General experimental procedures
Optical rotations were measured on a Rudolph autopol IV Polarimeter using a sodium lamp operating at 589 nm. UV spectra were recorded on a 
Extraction and isolation
The air-dried and powdered aerial parts of G. dumulosa (170 g) were extracted twice with MeOH (2 ¥ 800 ml) at 45∞ C. The combined methanolic extracts were evaporated to dryness in vacuo (52.5 g, yield 30%). Fraction B 4 (2.5 g) was subjected to C 18 medium pressure liquid chromatography (C 18 -MPLC) employing increasing amount of MeOH in H 2 O (0Ð 40%) to afford catalpol (6, 46 mg), aucubin (4, 114 mg), decaffeoylverbascoside (7 mg) and a crude fraction of deacetylalpinoside. The latter was further applied to a Sephadex LH-20 column using MeOH as eluent to give pure 9 (3 mg). Table II; 13 C-NMR (CD 3 OD, 75.5 MHz): Table II .
Results and Discussion
Compound 1 ) and 13 C NMR data (see Table  I ). The UV spectrum exhibited maxima at 207 (sh), 229 and 275 nm. The IR spectrum showed absorption bands for hydroxyl (3346 cm Ð1 ), ester carbonyl (1722 cm
Ð1
) and aromatic (1457 cm Ð1 ) functionalities. The 1 H NMR spectrum (see Table C 2H) together with the corresponding carbon resonances, supported the presence of a benzoyl moiety. The 13 C NMR spectrum of 1 displayed 16 signals, seven of which were ascribed to a benzoic acid. All the remaining carbon resonances indicated that 1 has an iridoid skeleton composed of a cyclopentanopyran ring system with nine carbon atoms. The complete assignments of all proton and carbon resonances were based on DQF-COSY, HSQC and HMBC (see Table I ) experiments. Thus, the established NMR data of 1 were similar to those of davisoside (Calis et al., 2002a) , which was previously isolated from G. davisiana, except the absence of any sugar signal in the NMR spectra of compound 1. In the HMBC spectrum the expected long-range couplings for the iridoid skeleton were observed. The downfield shifts for C HMBC cross-peak between H 2 -10 and the carbonyl carbon (δ C 167.2) of the benzoic acid indicated the site of acylation. To prove the relative stereochemistry of the chiral centers in 1, a 2D-ROESY experiment was performed. ROe crosspeaks of significant intensity between H-9/H-5 and H-9/H-4 indicated that these protons lie on the same side ( ) of the molecule. Contrary, prominent ROe correlations were observed between H-1/H-3α, H-1/H-6 and H-4α/H-6. Therefore, the secondary alcohol functions at C-1 and C-6 had to be in the position. These correlations also confirmed the cis fusion of the cyclopentan and pyran rings as expected. Consequently, the structure of compound 1 was determined as a non-glycosidic iridoid with a saturated ∆ 3,4 . We propose the trivial name 10-O-benzoylglobularigenin for this compound. Table II ). Compound 2 exhibited UV maxima at 207, 233 and 273 nm. The IR spectrum showed absorption bands at 3460 (br OH), 1718 (ester) 1654 (C = C-O) and 1603, 1559, 1542, 1508 cm Ð1 (aromatic ring). Analysis of the 1 H NMR spectrum (see Table II ) revealed 2 to be an iridoid glycoside with an acyl moiety. The olefinic proton signals at δ H 5.63 (H-7), 6.30 (H-3), 5.08 (H-4) and oxymethine signal at δ H 4.25 (H-6) indicated that the structure of the aglycone is like that of aucubin. The anomeric proton resonance at δ H 4.70 (d, J = 7.8 Hz) together with the signals in the region 3.26Ð4.62 suggested the presence of a -glucopyranosyl unit. Additional aromatic proton signals at δ H 8.00 (2H), 7.61 (1H) and 7.48 (2H) and the corresponding carbon resonances were typical of a benzoyl moiety. The complete assignments of all proton and carbon resonances were based on the DQF-COSY, HSQC and HMBC (see Table II ) experiments. Thus, compound 2 was established as benzoyl derivative of aucubin. The proton signals assigned to H 2 -6Ј (δ H 4.62 and 4.47) of the glucose unit were found to be shifted downfield due to acylation. The HMBC correlations between H-6Ј (δ H 4.47) of the glucose and the carbonyl carbon (δ C 167.8) of the benzoic acid suggested C-6Ј to be site of benzoylation. Consequently, the structure of compound 2 was determined as 6Ј-O-benzoylaucubin. For this new compound we propose the trivial name dumuloside.
Besides these new compounds, seven known iridoid glucosides, davisioside (3) (Calis et al., 2002a) , aucubin (4) (Bianco et al., 1983) , melampyroside (5) (Chaudhuri and Sticher, 1980) , catalpolcopyranoside (Merfort, 1988) , nepetin 7-O--dglucopyranoside (Agrawal, 1989) , demethoxycentaureidin 7-O--d-glucopyranoside (Yuldashev et al., 1996) were also isolated and identified by comparison of their spectral data with published values.
10-O-benzoylglobularigenin (1), and davisioside (3) represent a rare iridoid skeleton lacking the double bond between C-3 and C-4. 10-O-benzoylglobularigenin (1) is also the first non-glycosidic iridoid isolated from the genus Globularia. Among the isolated compouds, 8,9-unsaturated iridoids like alpinoside (8) and deacetylalpinoside (9) are very rare. These compounds have only been found in some species of Veronica and Plantago before. So these compounds may play an important role for the relationships between these three genera.
